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[Claim( s ) ] 

[Claim 1] A semiconductor device characterized by having the 
5 1st heat sink, the 1st high temperature conductivity insulating 
substrate on said 1st heat sink, a semiconductor device on said 
1st high temperature conductivity insulating substrate, and the 
2nd high temperature conductivity insulating substrate on said 
semiconductor device. 
10 [Claim 2] A semiconductor device according to claim 1 
characterized by having the 2nd heat sink further on said 2nd 
high temperature conductivity insulating substrate. 

[0013] (The 1st example) Drawing 1 is cross-section structural 
15 drawing of the semiconductor device concerning the 1st example 
of the gestalt of operation of this invention. As shown in drawing 
1 , a semiconductor device is equipped with the 1st heat sink 
2, the 1st high temperature conductivity insulating substrate 
41 arranged on the 1st heat sink 2, two or more semiconductor 
20 devices 51-54 mounted on the 1st high temperature conductivity 
insulating substrate 41, the 2nd high temperature conductivity 
insulating substrate 71 which fixed on the semiconductor device 
51-54, and the 2nd heat sink 8 arranged on the 2nd high 
temperature conductivity insulating substrate 71, and is built. 

25 

[0018] Semiconductor devices 51-54 are formed with the 
semiconductor chip (Si chip) in the 1st example, and a power 
transistor or high resisting pressure transistors, such as IGBT 


and IEGT, are carried at least in semiconductor devices 51-54 
by each- In the 1st example, semiconductor devices 51-54 are 
mounted by each by the face-up method on the surface of the 1st 
high temperature conductivity insulating substrate 41. Drawing 
5 2 is the expanded sectional view of the surface portion of 
semiconductor devices 51-54* On the surface of semiconductor 
devices 51-54 , the electrode 501 for external connection 
(bonding pad) drawn from the terminal of a transistor is arranged* 
The surface center section of the electrode 501 is exposed from 

10 the bonding opening 503 formed in the passivation film 502, 
bonding of the end side of the wire wiring 61 is carried out 
to the surface of an electrode 501 through this bonding opening 
503, and between both sides is connected electrically. As shown 
in drawing 1 , bonding of the other end side of the wire wiring 

15 61 is carried out to one electrode 501 of other semiconductor 
devices 51-54. Moreover, it connects electrically through the 
wire wiring 62 between the electrode 501 side of semiconductor 
devices 51-54 , and the other end side of the external lead wiring 
3. Cu wire wiring, aluminum wire wiring, Au wire wiring, etc. 

20 can use all for the wire wiring 61 and 62 practical. 
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mm i jmimr±©* i nm&m&mm&mt, 
mmm i **te^^a«±©*aM** ; Fkx 

[11*83] 'J>&<k**rl3*^*?kS81jea&e 10 

&am.mmtt£ .t »> o*s nfc c k k ■* * m&m 

1 XttWSBB 2 tCf3«©^a»t£glM. 
4H£il6tt£titXtt£ 2 ffi*M&*f£*fi!i£ffi k ©Mtfffi « 

tstitzz k*mkh:-rzm&m 1 xti»«a 2 tiem© 

[I«#ijf5] ^fc<k*»liFfB*iat!lfcttL SI2;&f& 
SU ^ 1 ffift^tttttfltSfc $2ntte4M£*6it££ 
CD\,^?tifr l-o<DWWlz$ t>lz]&t&7 j >*ffijLfcZ£ 20 
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[»&§©*-*-*«««■»] *^h^(±s tn 

[0 0 0 2] 

©scfc#s5fcftffi&ss©iofc&o-cv>*. ;o 
a©4&ttftis«i\ s&&«k^ c©£fcmtfi±£@»£ft 
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■?©«£E8 (l-r5©^[ql) LiPfit&SftT^fc^. u*> 

©^fiA s $e>^c^i^:•ri.-k* s ^SlJ$^^Tv^So c© 
J&fflfgafciajMM&i©-^ ^«©iMW*SB© 

*ga<b -r a c k * s t- % tt ^ k v > o mm&ib o 

[0 0 0 5] *»«att±l3Raft«l8i1-4fc»t:a:$n 

isiiMM^-e»^-rs«i(OStiiw»*ftra±*-B-s ^*p»^ 
*iri±s-&5 c k £ j. *> *g»fb*£s-*- £ c k* j x- # 

[0 0 0 6] **8iB©Bfi&a\ ;ft*(lf@Eg©M& 

[0007] *&w<Dgm±. WL®<mm*mj}Q 

* 5 c k c j: *) *msLit % mm? & z k #t* * 5 
£js«-r 5 cr k t- & s . 

[0 0 0 8] 

1 sj^«k, m 1 »^±©^ 1 ftftteai&i&fifttii 
k, mi&ms;mi2imm&fii±<D*mi*.m¥£. *m<* 

?>c c©SM8©*l©ft*tiu ^HWWSBfc* 

gV\^7- b 7 >^^^ $rfiS^fe*»©T-$.Sd il^Jf S 

fe^a|t^gtJl^^n?.Ck>!) 5 ?ifSLV>o flM 
^2ffi^IlC{i- ; etl^n^£iJ ! [tt©/jN^V>CutS, Al 

A (DBA) £fc AlNa^©M®t-CullSBfiKbfey'f V 
^ h^>7 r -f (DBC) J&R4»*fflWt:filffl 

T*#i.= ^lBll»tS©JlH> SB2JfeJIMR©fflHK:tt^HB 

^lcttb-h'>>^* s ffil9:$ti5c:k*W*b<, b- 

h ^> > <ti> ^?MpoM.mR*#i®-r a c k 
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m i mmm&mm&tii&vto 1 

mm&>\^ ^» i strst 2 ^ezsft^»«*^ffi$ 

[0 0 0 9] CO^IM 2 ©*fr*tk SB 1 ©4$m©* 
«MMSBC*v^T % il>fc< i: ****** 

*U«IMiiWtittlta6«i:©IUlT, *aS<*5f&*©±B£ 
««#ffiSB!Sn**&fcH:» 2 Jft*^#ttt&flt£«i:© 
^T-fffc^So E3&e3¥14&»**Kfcfc*ffl (Pb-Sn^ 

te**©S®* s IJIS:£ft;fc®£ft 1 Xttft 2»*ftg3*tt 

14S*ttT?S«>&#x ttaM£&©a^iA&<&ttS-fr££ 
i;#T-§.5©T\ #»»*6«fc»)--JllRl±S*SC:i:* 1 

[0010] C©SSBJ3©ft 3 ©«r«tt, ft 1 ©««Xtt 

ft 2 <D*m<D*mi*mwiz&^-c. a>& < t 

* fcft 1 &^3W4*6fi«8tXttft 2 jftJfte3M£l&tS& 
«fc©IHWffi»S*4£i:-efe4. BESBu 

e^t4ffe^s« t © H3t% *Mw***©±iifc««a j E 

iVS. £E»tt*lttJIMRi:»2iSjlMSi:©iai*»«>M» 

©Tn <W8Wftspft«tt»-Jira±***c: 
[0011] c ©#gB£©ft 4 ©#*ti\ ft 1 ©^$t71M 
ft 3 ©M®v^rftfr©¥«f«$Kt:«^-t\ 'J>& < 
*»»llft«MRx *2ttftfc ft 1 
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#iW*««K*V^Ttt, *ltt*MiL ft2M£tf£, ftl 

A^©S!(^@«Siiin^-B-2)C:i:A s T-#2)©-r-> ft*Mb* 
* «t t) Hi Ir!± * # -5 d 4: # T- § 5 o 
[0 0 12] 

[0013] (ftl ©3U&60O) H 1 tt*»B8©*»©^ 
10 ffi©ft l©^5£^JC^S*3|^M©»r®«3i0T-fe 
£„ ilCwtiatv *#(«S«B\ ftlSC?JMK2 
i:> ft 1 £fcf&« 2 ±KffiiS:£ftfeft 1 

«4ij:, fti iimfcmmm&m. 4 1 ±t^$n^ 

«IKf@©^2»fr«? 5 1 ~ 5 4 ***** 5 1-5 
4±fcH»Snfc*2*J*e»ttlfi«3S«7 lfc> ft2 

nm&m&fi&m&fo 7 1 ±iciHs^nfcft 2 ss&mk 8 1 
[0014] mimmR2(Dmmtm2mmw.8(Dmm 

fc©F^£«^B*9;{) s IElS:£ft3 0 £©*f.|S*9s ftl 
20 »SIMS2iav»2i(cJIMR8ttrtaJ*s*+lfy--f 

»*** 5 1-54, ftl !S^g3W4i66^*« 4 1 JBtV 

1 o tttft KDnmmfc&^Tmm&yjK tmictt^ 

[0 0 15] ft ltt*&S2©*a«lfcttfc— h->>* 1 
tfBt&ftW-^ ft l©mE^J{3*5V>Tttt— h^>>^ 1 
tt^»flt$S«©T«^ffi«W-K:SlDft«-&ix*. t-h 
30 > * 1 tt, 5 1-54 ©H]E8iWT-$g£ b 

ft i iSiifve2is«6ea^ 4isau»i mm. 8 

Ht09 ^ «CuS7jc^ t — b > ^ ifi^m m t « ffl ■? ^ 5 . 
bT*J:v^„ 

[0 0 16] ft 18&MK2, ft2M^8t{iv^t 1 i^^> 

*s^^g©^a5(3j|ttB^^ fiiiJS{pjiASBuai©^Miit 

40 ±<*© + Ht 1 -f I*|gl5{3 a»tB ^ tl-fe^gP U - K SflSl 3 *s 
o ^g(5 U - FIBS® 3 tt0SJtt3Ku*it-e^$ 

m w t t t v ^ 3&: v ^ >j - k w.m 3 ©*o t 
[ 0 0 1 7 ] ft 1 «^e#s*6iiia«4 1 , ft 2 sme 

. Z^^-^A (DBA) Stfis XttAlNatE©i5e®tCuJg& 
?BJffil/fc^-f b^^^^ (DBC) SIS 

50 £§!|fflftlC(fgffl-f 3dh#T-#£o 
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[0018] 5 i ~ 5 4 izm i (ommmizn 

f£Hi?5 1 ~ 5 4 iZli^'fixit'P^ < it&IGBT^ IEGTg 
fti>. ^lCD^JE^J^*V>T*ail^?5 1-5 4^ 

mt>m i s^S2is$e^ws4 i csiic7i-7 
Tyyttx-mmztiz. m2iz*m<*m : ir 5 1-54 

©llia^#©ffi*ISr®EIT-;&3o *#^?5 1-5 4 

ffimnm (^>^^ >w*\*) 5 0 isper**!.*. 

*H5 0 lro^ffitf^SBtt^v^^— J/3>K5 0 2C 
MShfe*>f^ >^H3P5 0 3*>e>gtB£ftT:fc 
?K CCD^V^-f >^HP5 0 3^31bT*H5 0 1© 

MJ3<Dm&mn.mzmffi£ti2>o 01 c^-r^?^ 7 
-r -vBJi&a 6 1 <DitimMZ{Si<z>¥m#-m¥ 5 i~54©u 

0 1 C^>r^f >^Stl5. $.tz. 
t£jft^5 1~5 4©1S5 0 1 i:^g|5'J— Kffi*H3©ffe 
JS0Ji:©p^{i'7-i'^iHi^6 2£®bTSMifl&;:igM2ft 
•So 9-f-VIS3it6 1, 6 2 tiiVArn^^'Jx.i^Cuy^i' 

mm, Aiu-vmm, huo -< ^mm&nmtmz&mT- 

[0 0 19] 0 2C^t,t5(:, *«W**^ 5 1-54 

®^n^ni:^2«f^e2!iEtt$fe««ts7 l^wratt, * 

3l#iSt?5 1~5 4©^fL^n©*fii5 0 ltfffiiftSft 
fc{Pj|CD/v^>-<-^3>M5 0 2®&fii:£2JlEfNlffi5& 
tt$fi^S«7 l<z>Xi9£<DMlcffiift£aM£8*ttl 0 1 

«SE«»1 0 1 ^{i^^«f*T-$.-S««J^«^BB, 
b<ttPb-Sn^, £e»£»£L<«Tb-Sn&lil^#fll 

[0 0 2 0] |5]|2 2C^-r<£?^ *af{*S?^ 5 1~5 
KD^n-ZtMD^yis'*.— is 3 >m5 0 2GDSIB J ?>IS 2 

7 i©s®^fi»ie<3^^.nK!iS'j^ 
t7>^A(cp^#^-rso ^ i©igjE©^tc^i, 
mfox-tb2>-&$mmvk&m® 1 o i&ii&^ 

^5 1-5 4©^ti^ni:^2^^ei»'l4^fai : iK7 1 
fc©H©f$M£^£M4>2#3Ci:#T-££. ^ 1 ©USE 

we ^t*^*^? 5i~54 ©^ft-entisg i ism 

e3lffi*&l»»ie4 l±H7^-^T^^^T*^^tt 
X^Z<DX\ *ilttf?5 1-5 4©^*ve*i,£:lf§21« 

!8H2#£*&iis*s 7 1 tomiz&mfcm&mmtt 1 o 1 
w&t! hTu^^ i «f^e^tt$6ista« 4 i ± iz 

i/^SCt^aiWHU? 5 1-54 ©^ti^ft 
#^Sft4»#fcttm**^WSttlHfcK4 1 

mt$-m^5 1~5 4cD-tn**xi:cDiHti«ji(ie?»ttS!* 
*r i o immznz. ^^e#tt^*«i o 1 
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^Cu^ 5 Sttffl*- £> - i: #T- # S . 

[0021] m4&*&w<Dmffi.(DBm(D&nmM (m 
m) x mm*.. aa(c«ts*ai^^©MJS±#fB© 

^en-eti©H{^$:^-rElT*fe?>o H04fc5V*-J;-5K:> 

as i ©n«i«it«4*aw«R«©«i«tts Tt3©j:d t 

#E^*i£*bfc#&x D + C/B/A/B/CT-mi- 
A : #a/M£}S? (5 1-5 4) 

io b : i&w&mi&mm®. ( 4 1 , 71) 

C : mm (2,8) 
D : t-t^>>£ (1) 

/: mm 
+ -.mm 

£ f> k.s ta 4 c ttjis 1 tt*&3f£ii&iM&£ 4 1 svi 2 

ffflMs4M£l61§£tii7 lQAttft&MS (A1/A1N/A 
1) s Ifeifl3£***l 0 (->'J3->y 

mmz &&mm.m t m&^vnmsL±mwt t * jass-r 

20 4fc»OJt««t«***(*««©«J«***l3b&. 
H3l±Jl^Wfc«4**flaBS«©BiB*jtBlT?*5. - 

mmms. 4 0 siais u z<Dnm&m&immwi 4 0 

±lc^aS«:5S? 5 9 B £H^bfcfc©T-;g> 

lTtcSib-h»>>^ 1 ^lEIS^n, «fti?5 9A 

[0 0 2 2] Jt«Efi»|K:^S*29fli:^gK:*3V%T> iiS* 
ff V\ *a|t{$:^dF5 9 AM5 9 B©SS±#$r«iJ^T 
30 5 k, 20*C*^120'CST-±#bv 100°C©SS±#A s «iJ 
^^txfeo ^4b\ ^i»»?5 9AM5 9B©fit 

[0 0 2 3] c©J±^J{c»5*#^B©SK±^© 
I^PI 1 h bt> iitl 1 <D5gJE0JCffiS¥*tt 
^B©ffiS±#&«iJ«1-^i;, ffl»tti:bT0.75kv^-5 
nfe. 

[0 0 2 4] Z<D£5lzmtfLif1\2>mi<D$mMtZl%Z 
40 *aWWS«fc*V^tt, ^SMltJlS^S 1~5 4©Iitt«i 

4 ifiif*ia*iMS2*3iia-riefSfc, ^2^^ 

1-5 4©±T2^IfiIC5t^-ri.-^A s -C- 

st^ss©ais^^^a-ri.-fc* J T-§So 

izf&j&tfi&'i^^m 1 ^e2»f4*s^s«4 1 2 
i^^Hs^ttifi^ats 7 1 £tf-££-e-Ti^©-r% st^ig 

50 JSiftC^SS^^Ci^t^CfctfT-IS. SEo 
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t, 5 1~5 A-z%^tzm(ommm^ 

[0025] miz, m\<DmMm\zi&%*mwm.mz 
&\,^x&, *mi*m? 51-54 omm 5 o i vmstz 

mzfm&<D>hi<^n® i fcm&mmtt i o iT-ti©& 

^£P&3?£ <fc 5 -H fRl± £ ^ -5 i t &X # £> o 
[0 0 2 6] (Sg 2 ©S«J) 0 5 (i*^B^©H5£©^ 

*i©sg 2 ©msE#y £ ft § *#*SB©Bra«3igia-e 
is 4 1 as i 4 i ±c*«*nfc 

fcMKDJNKtX? 5 1 - 5 4 i:, *mtt.m* 5 1-5 
4±fcBj»*tLfcMS2*r»g?lltt««at*7 1 fc, S«2 

ffiHMs«tet6K&i£ 7 i±fcnsgsnfca»ffio*»f* 

if55~58t, ^MHttH^ 5~5 8±fcK»S*i 
tzm 3 iS^ea»ttS6«Sffi 4 2 % 13 W£*6tK 
»«4 2±fcE»Sixfcl«2»JIMS8i:*fl»AT«a5* 

ns. 04{c^-r«tdc, $2©gesfifticffi 

**»<MSB©*J«B:D + C/B/A/B/A/B/C 

[0027] c©±mw*ssbb\ m 2 is^ve^tt^s 

IS 7 l**'&fcT«fci|MIW*:j*?5 1-5 4&ERU 

±«st#a»^^5 5-5 8*mm\,tz2mmmx-Bi& 

£ *a#^^ 5 1 - 5 4 BSfg 1 ftfte4M£l6a£ 
IK 4 l±t7x-^7^7^T-^^*iS<l*? 
5 5 - 5 8 &m 2 ffi*fc&3M£*6£££ 7 1±C7x-^ 
y7>*a-C«S^n5. *#ftl?5 5~5 8©-?n 

?ti<Dm,M5 o 3Htt7-f ^Ette 3T?«sia«jfc»«* 

tl, iNWtttt? 5 5-5 8 ©^tl^n©SH 5 0 3 i:^ 
SB 'J — FEU 3 OMHMfcfflKB7'f -V EfcS 6 4tlg 

[0 0 2 8] «MfflCBR*l,*V*3&^ gl©i9fittl£fll£ 
**W**Bi:lRl*l^ *SW**?5 l~5 4©**l^*l 

tm2-m®&m®LmmmK7 1 fc©mk *aM«*?5 5 

-5 8©?ft*ft££^ffi*MK*&il^£fE7 1 £©W 

ttXflMsaM£&**r 1 o iT-^*^^MWf3@#$n 

[0 0 2 9] 04 C jaVfJ: 5 Jt«Eftl£ffi34&$tt£E 

»©?as±#©«^*ipfit i i: lt, mmtm 2 ©use 

^K&S*#ttigB©SS±#£«rr5^ fflfcfttfc 
bT0.96i:^-5i£S* s f#e>ftfc. *l©3lifi0iJC«4* 
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[0 0 3 0] £©£5fc*J*£*i4*2©SSifi0!k:«* 
^SWfrSBfcfc'i^THU SB 1 ©USEWC&S^agfl^B 

T?»&ft5»*fcH«©ab*4»s£ *p^t 

*Mg<WR? 5 1-5 4 ±CS 5 5-5 8 

[0 0 3 1 ] (SB 3 ©H9EW B 6 &*ftW(Dmm<DM 

mom 3 ©^sE^jt^s^aji^B©*^**? omm 

■tt, a^ttfc*ji#m©^Wfc«**MMfcRfii: 
10 RMC, SB lSfcf?fclS2 »liMlfcK2±K:ESSftfc 

i mimm&tm&m* its mi *aftean«6«as 

IS 4 l±CH«*nfc«»ffl©*«M*:B ; f 5 1-5 4 
14«gi^SIS 7 1 i:, 2 iS^e^tt^eSIS 7UCE 

W2titzm2mmm8 tzffizxmmztiz (hi# 
m) . 

[o o 3 2] isu m3<Dmmmizmz¥m»mw±i*. 

izi&Mtt&miz&^xmisftfafcfetiti^npLbtixlo 

t)^ E6n^-r«tat:, '^<it.*»ftii?5i~5 

20 4 2:£2ttfftC3M£|fitt£&i7 1 4:©MjME»;*;h.T^ 
3. miie©«fc-5K^ ¥i£fls:3B^- 5 1 - 5 4©-?tl^ft© 
y > ^->> 3 >15 0 2 ©g|® ■f'SB 2 ft*Ms4M$|£<i 

&K7 i©«afctt«^fcjEft««/j*ttiH]aa«#«E 

t3c©«fc5^sgtBufcSc^tt»b«^n> mxcomvm 
m&mte&mMfrzmmmizftz.zzt&x-gZo -ra 

5R#©H©JI£^B*ftiMn*"ti\ ^*©^a 

30 ^-«tat:, sg3©nag0ijK:^5^#«^B©«iEea:D + 

C / B / A + B / C X mitt 5 Z t &X- § Z> . 
[0 0 3 3] EftttfifliLari/^^fcAOfT^. ffig 
t±, Bii3iB©K*}g«4n*^*7^|5gttiSD$-l±OO s 
{**^5 1-5 4lzmM£tltzb : 7>¥XP J $ : >^yi<"< 

{i^+kgf/mm' Hjg©E^7aT-fTfcns. 
[0 0 3 4] H4tSt±5K, lfc«t«fc«a**»« 
B©fia±#©fit5:*^ffl 1 i: bT, [b]«HSB 3 ©^SE 
«C«4#3W*$lEB©»lt±#*ffl«-rsi:x ffi*fttfc 
40 bT0.74i:V^5i^SmAs^#f>tlfe. »3 ©SUK«|t:«** 
jgflt^BttSS 1 ©SQfi«lt«5*ai<*«EBi:ra«©^ 

[0 0 3 5] 3©J:-5t«|jS$n4*3©*lll«»Jt«4 
4MS#£Btc:fc^Tfcj:> « 1 ©%m«licft«^i^B 
T-^?.n.55ai*i:|5l«©^§»i»-i:* s -e§So ? ?. 

^tF5 i~5 4®ti5 o i ■&mwa*titzffitm2is$& 
50 tmMZ&tt£-&zz£ifix-gz>(Dx-, tt&mm&z*) 
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[0 0 3 6] UMOflffiffJ) $4 0&ffi0!lt:ffi*4£* 

mtmrn^ mim.mm.2ii, mimmt&2±izw,®2 
titzm 1 nzmmvtmm&m 4 1 1. mi utm&m&m 
mmm.4 i±izm^ntznmm(o^mi^m^5 1-5 
*m&.m*5 1~5 4±K.i£mztitzm2nf&& 
mtewmmRi 1 m2^m^.m^.mmmki i±£ 

SI^Sft3fcoE»3ftfe«ftffl©*#<ttlt?5 5-5 8 
4:, 5 5~5 8±fcEK!?ixfcJ(l3](SjlM5il» 

tetrnmsL* 2 1, m3i%m&mt&mmi4 2±izm 
m2titzm2Mm&8£*ffix.xmmztiz os2# 

JH) . 

[0 0 3 7] fflU *3©3l«0Sfc:«SiMW*SE»i:lRl 
^MltMK? 5 1 ~ 5 4 fc» 2 «;ifc&3M±ttlt£« 7 1 4: 

©m« ^2^e»tt*a^a«7 1 t^mtt-m^s 5- 

5 8fcOM4»ffi»S*lTU* (H6#BH) . -f&fr*>, 
EfcttD + C/B/A + B + A/B/CT-StlB-ra i 4:4* 

[0 0 3 8] El 4 K^ti^t:, lttR0i£ffll«*MMtSt 

m<D^s.±.m-<Dm^&^m. 1 1 it, nttfcg 4 ©mas 
[0039] ^©±'5c«fiBsn*se4©5afi«ic«s 

[0 0 4 0] OS 5 OJBKM) El 7 tt**WO*«S©JB 

miivnmmizmz^mfomwtmm^ mimmw.2 
mi mmm 2 ±tzw&i<tiiz9s 1 mmBm&t&mm 

«4 1 4:, ^1^^2914^36^4 l±t*«**Lfc 

tsawi©****^ 5 1 - 5 4 1, *mfom* 5 1 ~ 5 

mmv^mfom? 5 5 - 5 8 *mw-m=?- 55-58 
±.\zmm^fitzm3-^mB.m&mmmRi2h, mzn 
msmmmmBL 4 2 ±ca»#nfcSB 2»»« 8 1 * 

[0 0 4 1] fflU $5©fyK9J£ffi«i|M9<*$EBti: N 

mtzfoi 1 okj: twti^s. xKYmmw-i 1 oitm 
1 terns. 2tm2 mmm. 8 t<Dm*mv>tttt 5 «t 5 t« 

J5K^tiTV>So EI4£jivr«fc5fc:, SI 5 © USE We & 5 
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^aUtfcSSgCfllJEiKfctD + C/B/A + B + A/B/Cf 

[0 0 4 2] HI4 t^-Ti^t, ttj£tt£ffl 
«©S]S±#©«*»¥tt 1 tit, |b]«C^5©^SS 

LT0.944:V^iig** s f#£>;ft.£. Mf 5 ©fgJSfllfc&S* 

mit&w&m 4 ®sat«ic«4**ft««i: iui?©»#ai 
[0043] zoxdtzm&Lztizmbvmmmiz&z 

10 *sk*£juc*j^thu g4®ggfiffl£ffi**M*tt&tl 
T? » & ft 4 H« ©»* * » 3 £ i: #T! S * . 
[0 0 4 4] (16 ©fUSEW HI 8 tt*»Wi©£ifi©JB 

«©m 6 ©*sE^jt^s^^e©ws«3iiiT-$) 

SB 1 ©§HJ8j0iX(±iB 3 ®^fflfcffi34M9tt£gS£l34ft 
SBl»flMR2 4:, SB lfl»IMR2±fcBIt9!;*ftfcS6 1 

izm&m&mm&m 4 it. mi i^mBm&mmmR 4 

l±fc**$ftfc«*ffl©iNIW** ; F5 1-5 4 4:, * 
J§<*?!?^ 5 1-54 ±fcB»3ftfcSB 2 JlE*k£4M£*fili 

20 *tg 7 1 4;, is 2 ^e«tt*6iftaffi 7 1 ±tias^n 

> * 1 tt* 1 £tcHMK 2 ©TflJl fc (t ttffJlIEBT- 3 

ifi, m6<D$mmkfaz*mt*.$im.£&^xi*, mim 

mm 2 ©IHH4:^ 2 &*MK 8 ©JIB tvmvmmBimfo 
■cfc6J6flaiM5#<*l 1 lCJ;!)'J>*<4:Wic^ 
SftT^S. *6O*lfi0!lfc«S*a(MMlE« 
KfcWCtiU 5 1 - 5 4*»&JS 2»«« 8, 

i^si{^fia»{*i i i<o*n*n*aabt--b'»^ i 
30 s c 4: # t- § s o it mm&m-fo mam {scu-^ain 

^5»&5#ft-CM?tl5. E4fc5Vf «fc-5£, ^6© 
*«l«lt#**!lK*:*«©«J«ttD + C/B/A/B/ 

c x-mt^-r S C 4: * S T* & S . 

[0 0 4 5] i4 fclTjVr «fc -5 C lt««lt«**»{t« 
g©?&K±#©ffi£»i«8 1 4: LT, RKit^ 6 (DUm 

vxo.7ot^5f&mifim<bixtio m<o<Dmmm\zmz>* 
mimmzm 1 <Dmmm. m 3 <Dmm.m c# s 

B £ ±0 5 IfcSia&sp ^ ff 5 c 4: HfiX- § s o 
40 [0 0 4 6] £©£3C*JEfc$ft*»6©3aK0iC:«S 

^sn*^et43v^T(i, »i©%n^ »3©safi«t 

ffi £ ^*x^n©*a»<*^BT-f# n 5 4: IU«©^» 
ft» 5C4:i s T-l5. B6©HBf60OK:^5^ 
tt:^Bfc4^V^Ttt^ m2SJ[f^8*P, t- 1 fc 

s«ttHM£»«ieES(ffte««i i lxmmtzzttfix- 

§*©T% tt«Mi«S*«:©f»Klrti**e>K:|iiJ«-J-*c4: 
* S T*&, ^«I^S<tD-SlRl±^^ ; S^4:A s T-&So 

[0047] ae 7 ©^M^y) ei 9 immmmncoM 

m<om 7 ©^SE^!llc^S*3l<*^B©»fS*3iEIT-fe 
50 So $7©£gKOT£fli&^*tt£t1K& a*W*«ji* s 
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t, m i mmti 2 ±cE»£ftfci6 1 ^m^mmm^ 

51~54h 5 1 ~ 5 

4±CH»$iife»2J»I^M4ttli««7 1 SB2 
ffi8Ms3M£l&li££ 7 1 ±fcERSftfc* 2 jftflMS 8 

1) i:©ia*»fl9fc!gtt-rs*»»fiai»i 1 itsi 

BC*5UT«U »l»*«2©Tfllfc:Elft3ftfcfc-b 
->>^ 1 tiJDx.T> »2a«rtR8©±fflOlct>t-hS/> 
*1 l* s BEIS$ns. 04C^1-«tolc, fg 7 ©HM0IJ 
fc«3**tt«B©*J«ttD + C/B/A/B/C + D 

[0 0 4 8] I24fc:^1-<fc-5k:> it«fllfc:« 
B©i&K±#©B£*i£« 1 h Ut, PKItlcg 7 ©£Jft 

«ic«**aM*:*«©a«±»ft««f sfcx tmrnt 

[0 0 4 9] C©i-5C*JEKSn4J8 7©miS«|K:«S 
*MM*«Bfc:felf>TfcJU *6©SOB«t«*^aWMK« 

tc, *7©Slfli«lfc«*^3W*jBEBK:^Ttt, ±T^e 

n^tict— imi i$:ffiisbfe©T*, ^ai 
[0050] og 8 ©nffi«d) m 1 0 tt*«ii§©£«E© 

mi(Dmnmizm2>*mfamw.tmM-f2>£5iz, mi 
m.tm 2t, mi mmm. 2 ±fcEK;* nfcse 1 ism^m 
1 mn%§mm&.m®mx.4 i±izm 
mztitz®.mm<D*m{*-m?-5 1 ~5 4 1 *m&m? 
5 1~5 4±izmmztitzm2Mm&m&!t&mmK7 1 

tZMz-rmmztiZo -ffeto-^ MS8©f£Mfi0ijfc:&5 

mm 8 nxx ^f, ^2 ^^ea»tt*6^s« 7 

1 ©±B#ieit3BttB 1 OT-abftTV^V^Jtmb© 
ttSiT-M^ns. C©SS2lC)AeW±l6ltSMfi7 1© 

fij § u t ©#<i iz z mm is s*a # hr » «■ t* h ti& 

{*£?«©*$« D + C/B/A/BT-*l3-T-i> £ fctfTJ 

[0 0 5 1] i4i;Sti?t, JtttMK:M«^«{44IE 
B©B«±*©tt£a*« 1 £ VX, IHHifctj 8 ©UBS 

jfttef«<4oTM5ii, 7 

1 ©PJ g tB b©#<8£ & S 31® £ fiig)fcfi tc £ U b 
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[0 0 5 2] c©J;9C*ja*n4*8©||Mi«Uc«4 
^ilWfrSififc^TUu « 1 ©^09fctfcS*a!l#3&B 
T-»feft£3&»^«©^JII£f#6Ct#T-&3o 
SS2$!&«8£E12b&^©T% ^MKMSB©#iP 

[0053] (^9 (ommm) m 1 1 tt#»3B©fSfc© 

fm<om 9 ©JOE0Jt«&*#{«£fi©$T®«^llT-fc 
10 4. £9©£Sfitt£ffi£^W#&BtiU 

3U©^0Jfc«**#(^Bfcl3l«fc, tf§lSt!ft«2 

sb i ttiMK 2 ±ciaaftsnfcJB i flE*fteaM3aft«» 
«4 1 t i«i^e#i4^i»a«4 i±tcn^$nt 

Bftfll©*****^ 5 1 ~ 5 4 fc, **fltJR? 5 1-5 
4±fcEB£ftfciB2*llfc£*ttl«!aS*7 It 12 
iS8fc£3?tt*6<i*«i 71±^EIS$nfclg2 ftftMS 8 J: 
*B*.T«SS;*il.B. 

[0 0 5 4] £9©^0I£ffiS4M*tt&-B 
BU SS 1 S3M23H±S&B«lii 4 1,J82 flS£tf5*»tt*feii: 

20 i«s7i ©^n^n©«y®iiHt:^7 -r > 4 0 1 # g 

«*n*. M7^f>4 0 1 tt«tt»«J«t«lB!JllOX^»ai «y 

> 4 0 nzx vm 1 nmfcmmmmsLi 1 * » 2* 
m&m&m&mR 1 i©^tL^n©{aiffl©*@*{ii.i 

~1.5(gfgB*(»JP*-e-Si t* s T-S5o ?«9© 
jyii^Jt^S^^B^^v^Ttt, jB10[ffMS2 % SB 

2 si^is 8 ©^n^n©{i!i@miHccM^7 ^ > 

H4^-TJ:^t, lt9©^JE^Jfc 
ffi % ^J»»^B©«fS(i D + C /B / A/B / C T*K 
30 tSrttft-lS. 

[0 0 5 5] ia4^^-r«tai3 s tb«t0iJtC«5*««:S 
B©Sffi±#©filS:«^fit 1 1 LT, ISJfllKlsS 3 ©USE 

0!it«4i|i4stflcssB©ffl«±#ssi«-r*4:^ *mm.£ 

b•r0.72i:v^^iSSA s ^#6.^^fc. Sg9©HM^Jlc^S* 

ai^SBttis i <Dnmmiz%%*mfo%im.*±mz>ftt$ 

[0 0 5 6] c©«t-5t*jER*ixS»9©S£Mi«Uc:«5 
*ji»«Bti50Ttt, 18 1 ©£2fi0JK:ft«iM»tt&B 

40 fc, »9©IOifl)|K«*i|i»flt«BK:^Ttt, SBltt 

mb 2 % ms 2 aims 8 , jfs i nmfcm&mm& 4 1 , 
se 2 jM^*tt*fi»£ft 7 1 ©v>rn^©si^ffii»sts 

[0057] (sbi ovmmm) mi o(omm.m\z%^ 
&*w<£mi&ti i mi(DmMmizm2>¥m 
imw.£®miz, mimmR2t, *iflt«MS2±cis 
mzntzm 1 TmkBm&imm&L 4 1 mi ntumm 
ffl&mms.* i±izmmztitzmmm<D*m>tt-m?5 1 

50 ~5 4t, ^WffB? 5 1~5 4±C@B$n&SS2flS 
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1#JH) . ^IT> ftl O«D^«0!lfc«4*aW*;iS«t 
*V^tiU ft 1 *«fce3WtttliafclK 41, 12 
t«gifci*ffi7 1 ©^*vetl* J DBC (Cu/AIN/Cu) &mXB 
f&£ft5. H4Cwti3t, »1 OOfdfitHfc:*** 
9ttBB©ttJ&ttD + C/B/A/B/CT*^BB1- 5 C 
k#T-g£. 

[o o 5 8] in 4 c^-r^sc, it%tmizmz>¥mtt.m 
«©»s±#©tt*»iMi 1 k ut, raat» i o ©n 

fcUTO.Tlki^tSJRtfW&ftfc. Mil OoSQIfi«C« 

^SISft*ft » 4 C k #t- s 5 . 
[0 0 5 9] d©J:5fc*jEK*ii4*l O©HSte0!l£& 
S^aMESSBC^Ttt, Ml 1 ©!$««£« 

«Tf » & ft s ax 4: saw©*** £f# sci^-eis. 

[0 0 6 0] (ftl 1©HS£W Mil 1©H5£F!IH{££> 
«#W&*3I* s ft 1 ©IQKflCff S^MI 
<*«s«i:PI«t, JBl»*MR2k, *lttJIMR2±K:E 

mztitzm i ^e2»i4M^*« 4it, mi i &®&m 

~5 4k, *i»#J*?5 1~5 4±CB*Sftfc»2* 

j*e3W£i«**« 7 i k. ft 2 ffi*&eaM£!&f»£tt 7 i 

±tE»*nfc!8 2JWI(l«8i:*ffltiT«a5*ix4 (12 
1#JH) . ^LT, Mil l©*9B«Uc«4*ilW*««fc 

%o I4t;^ti5t, MSI l®XftttCff«dMMMB 

«®«J«ttD + C/B/A/B/CT-^IB-rS- td^T- 

[0 0 6 1] 04C^-rJ:-5t, Jttt«fc«4iMW*Sis 
B©fi,K±#©(g£*i£ttl kLT, |a]«£ftl 1©5S 
fl^fc«*i|i#^«©iB*±#fc«J£-rsk, tttttt 
kbT0.74kv^*£;Pia s f#?>ftfco Mil l©£flMW£« 

^fflja^^ff s c ktft- ^ So 

[0 0 6 2] £©J:-5fc*J5R3fta*l lcDSOfcfiflfcft 

fc#^TH\ Ml 1 ®!OtM£ff 
■t?W 6. ft ««rJR k IH«cd»** » 5-^1-15. 
[0 0 6 3] (ft 1 2 ©HffiW ft 1 2 ©JlJE^J C«3 

<*8«kPl«fc* ft 1 Steffi 2 k. f lt«2±i:E 

ftfc* i xgfte«ttttiuttK 4u, ft 1 
14^*^4 i±t^s$nfcis»fi©*^^?5 i 

~5 4k, ¥*#JR?5 l~5 4±CBHMFftfc»2* 
DMsVfilllUUS 7 1 k, ft2^eagtt*6^g«7 1 

1#JH) . *UT, Hwlftv^tf, Mil 2 ©fSSE0!|fc:0S 
SiMI{t8EBK:«V^TtiU £MM*X?5 1~5 4©-£ft 
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->^bfe*©T-fe!3, ft 10H«MiCffl(«^«{«SB 
©T7 4*E*6 1 £Jt"Vt»r®8t#;*:#<, »^M* s ti 
;D0T- 1 5 k k & C*Mfiiftft £ & d k #T § 5 » Hi 
4C^t<tot > ftl l©HSS0UtC^5*^SIB©flS 
m&L + C/B/A/B/CT-*I3-T-5C k #T g 5o 
[0 0 6 4] H4£3oVr<fc-5tc, Jt««fc:«s**f*SE 
M©M«±#©fi*»^fB 1 k LT, |B]«tft 1 2 ©H 

io fis^it^5*3n*^e©ffiie±#^fio^-rsi:s 

i:UT0.75fcV^-5iejR*«»e>n*:, ftl 2©£«S01fc« 

s ci k #t- ^ s . 

[0 0 6 5] c©J;?ti^ti5l 1 2©SUS«|t:» 

i^mmmiz^x^ ft 1 oXflmcffs^KHi 
[0 0 6 6] (fti seammw) ft 1 3©njE0a£^s 

#«M*«Btt* **W^«l3t* s ft 1 ©£«60!l 
#£SBklH*fc, ilMS2i:, *ltt«rtR2±tffi 
20 IS^tvfeft 1 ffiJMCgttlfilBStii 4 1k, ftl ffi^e^i 
ttt&£&«4 l±fc:SI«*ixfca»ffl©*aW*:*?5 1 
~5 4k, *iWMI?5 1~5 4±fcB»3ft&SB2K 
*Ms*ttl&aStE 7 1 k, £2ft*^«&l6l»£tt7 1 
±£EI&2ft;fcft2ffif&t£8k£M;LT#!ig£ftS (H 

i#hr) o ^lt, Hwi/ftv^« ft 1 saiowicfli 
z^mttmrnizts^-asi* ^#1*^5 i~5 4©-en 

fil©S15 0 1 M©&ttftMMttJfcjiro-C&3DBC&£ 
xk Ufcffiift»tRtfTt)ns. HI4t:^1-<fcd 

fti 3<Dnmmiz&z*mfogiW(Dffimtv + c/ 

30 B/A/B/CT-^IB-r-Sdk^T-ti). 

[0 0 6 7] E4t^-TJ;-5t, Jt£t09£fliS^N*{*£ 
M©fiS±#©<it<&a*fi 1 k LT> ls)«{Cft 1 3 ©H 

at«is:»s*iiwM(i[«©«K±»fe«!isr4k, mtm 

kbT0.7^kv^3^* s ^f^>t^feo ftl3©^5Efi«Jt^ 

s*#{*«sfift i (Dnmmizmz^mtt-mmtmmo 
[0068] zvzsizmj&ztizn 1 3©san«t« 

5 t*"V>TI4x ft 1 ©SUfi«C«4*aK*« 

a t- w 6 n 5 jam k pkk©» x * m % z. t * s x- g ?> . 

40 [0 0 6 9] 

k «t D ^S<b <& 4 £ k #T- § 4 *z»#^B * 

*itt-r4dk#T-t2.. 

[0 0 7 0] $ e> C N *^H^{±, S(^/@ES©^ffi^^ii 
'J>£i*adkfc«k&»f&^*£ft±£-e-, ^»»*ftlRl 

[0071] ^^t, wi® t Mm*mi)a£-&% 

50 ciktJ:t)flHB«b**|qi±*-a-x »Si»*ftra±**s 


15 

£ 1 1 «t *) *gg^b * ^a-T * £ i: #T- » 5 ^af&igg 
[BHB«D«*«ettB)i] 

f*$s«©»riii«3SEn? « & . 
[h 2 ] *ftW(onm<Dmm(Dm 1 ©iije^ki^s^ 

[03] *&w<Dnm<DBm<D&mmmtit%it?>tzt!) 

[114] #$gW©IStoffli^©£iS«6^fc&S#iJ& & 

[05] *%W©^©^JfrD$2©^«fl£ffiSiN» 
{*£im©»rfflflf>i0T- & 4. 

[116] *^©HSE©?f^©^3©|ISEf!lt^i.*« 
tt««©*^*^©«li»#©ii;*»rBi HIT- £ 5 . 

[ii7] *&m(DmM<DMm<Dm5<Dmmm! l zmz*m 
fomwom mmm mx- & % . 
[us] *mE(Dmm<Dftm<Dm6<Dnmmiz{%z>¥m 

[12 9] *&wcomM<z)Bmam7 <D$mmizmz*m 
<*s«©*ra*H§isiT**. 
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? [010] *mw<Dmm<DBm<nm 8 ©ussfliK&i.* 

[Ull] *»UB©|yfi©JB»©»9©S5ttifl«t«5* 

«f*«s© m^mmmx % s „ 
[^F^©iftB^] 
1,11 t- M>>^ 

2 MS 1 M^ffi 

3 *S$'J-r*E* 

4 1 £ 1 i!5i»{Eag<l4*£*ia* 
10 4 2 £ 3 8m&4M£tttt£« 

5 1 ~ 5 8 
5 0 1 «B 

5 0 2 ~>a>flg 
6 
7 
8 
9 
1 
1 

20 1 
1 


1~6 4 'J-FI 

i m2^mim&mmmm 

o mmfim® 

o i nsm&m&mmtt 

10 jK;n*ttt£ 

1 1 usi&mkmtt. 


i] 


[02] 


501 51502 6152 71 8.62, 53 502. 6154 5017. 


71 



fl-BB'J— K6ES3 


70 £«53t«tt 


51-54 ¥S?ttS5?- 
507 §8S 

<S7,<f2 + 

7/ f3 2&&Cgttg&»@g£ 


S1(S2-S4) 


si(52~s4) ipm&m?- 

501 Q® 

502 Mr/^-yaVS 
207 IttSa&gttfett 


[03] 

5P7,5i>/^502 > 6159B 




s 

/ 




( 10 ) 


f$M2 000-174180 


[04] 



* 










***** 

* fit 91 



c. 



D + C/JM 

Al/AIN/At 

•>y3— > 



5MWH2 

D + C/B/A/B/C 

Al/AW/Al 


BB * 

0.75 

&im2 

D + C/ B/A/B/A/B/C 

Ai/AIN/Al 


88 « 

0.96 

mima 

D + C/B/A+B/C 

Al/AIN/Al 

i/IJZI-> 

H $ 

0.74 


D + C/B/A+B+A/B/C 

Al/AIN/Al 

y'j3-> 

E 

0.95 


D + C/B/A + B +A/B/C 

AliAlN/Al 


c m±<D#>i> basis 

0.94 


D + C/B/A/B/C 

Al/AlN/AI 


c m±<Dn*\tem&& 

0.70 


D + C/B/A/B/C + D 

Al/AIN/Al 



0.61 


D + C/B/A/B 

Al/AIN/Al 



0.83 


D + C/B/A/B/C 

Al/AiS/Al 



0.72 

£«&W20 

D + C/B/A/B/C 

Cu/AIN/Cit 



0.71 

77 

D + C/B/A/B/C 

Al/AIN/Al 



0.74 

J2 

D + C/B/A/B/C 

M/AIN/Al 


K-AU-K*tt 

0.75 

H«B« 23 

D+C/B/A/B/C 

Ai/AIN/Al 



0.79 


/.-mm 


[85] 


[16] 



1 K-his>9 
3 tttf'J-KKtt 

20 


35 1 SSMsSmfet* 


47 

52-5* *«fc3!«- 

507.503 Stfi 

502.504 /t^v^C->3>BI 

Vf 64 &i%W£m±tmmm 



67 




\^^502 N 

V ^507 



51(52-54) 

SK52-54) *m&m=F- 

501 Sgfi 

*7 7*f-fi2tt 

7/ IR2«S»Sa|tt}fe»»& 


[H7] 



1 t-h-»^ 

2 Sfcl&SMS 

70 mmtm 


41 m i Sft&v&i&ttSffi 

57-5* 

507,503 Va 

72 ff5 2Kf»fi»ttlfctftSltt 
220 hMSft 


( 11 ) 

[B8] 


MR 2000-174180 


,507 57 502, 61 7L 8.62 x 53 502, 6154 50171 



1 t-hi">2 

2 ftittgus 

8 ft2jfcSft« 

9 *B<* 
10 


47 ft 1 XMe*ttfe*S4E 

si-54 *&&m? 

501 mm 

502 ^->y^->3>K 

in mmmm» 


US 9] 



2,22 t- K>>>> 

2 

3 9WJ-KBMI 
* ft2fltSfc*6 

70 te*f%tttt 


4/ ft 1 Sa&31&tef3Stt 

57-54 

502 fg@ 

502 /t-/ >^<->3 >S 
227 fc***ft£*<* 


II 0] 


SOL 5LS02, 6LS, 



1 fc- h'>>* 

2 ftlfltPMS 

3 MV-HEI 

70 


507 ;s& 

502 /t7^-ya>K 

77 £2&&&3&i&&£& 


( 12 ) 


&m 2000-174180 


[011] 



10 


41 m i s%e*i$te*R£t5 

401 B«»7 ^ > 

si~s4 vmtom* 

501 Sffi 

502 /Vy ->*<--> 3 >B 

7i «z*»gietiteiaste 


Z7D> h"S— 2*£fft£ 


<72)»IP3# use 

JK#fW»4nfiJKj£Wl#illl *fcifc&ttJfc£ 

(72)*8Wm 5« *8 


tt*3K*J|iJilx»rt 

(72)^B^# jj£* 

#jftjiijiiuirarij*K/j\iajRigwi 

F*-A(#%) 5F036 AA01 BB01 BB05 BB08 BB21 
BC05 


